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TWISTONROLLINGEFFECTIVENESSAS DETEMtNED

BYRCCKET-PWEREDMODELTESTSAND

THEORETICALEsmTEs
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sul@lARY

Thevariationofrollingeffectiveriess
hasbeendeterminedforfull-chordailerons

with
ona

I&chnumberrangeofapproximatelyO.~ to 1.~ by

Tucker
t

spanwiseaileronextent
sweptbackwingovera
theIamgleyPilotless

AticraftResearchDivisionutilizingrocket-propelledtestvehiclesin
freeflight.ThetestwingshadNACA65AO06a~oil sections,an aspect
ratioof4.0,45°sweepbackatthequarter-chordline,anda taperratio
of0.6. Thesedatawerecorrelatedwiththeresultsof a similarinves-
tigationconcerningpartial-chordailerons.Thiscorrelationshowsthat
thespsnwisevariationofaileroneffectivenessforanaileronof given
chordexhibitedlittlevsriationwithMachnumberovera rangeof 0.6
to 1.4,andalsoshowsthat0.3-chordaileronswererehtivelylesseffec-
tivenearthewingtipthaneitherfull-chordor.O.1~-chordailerons.
Inaddition,testsweremadeby usingmodelswithtwistedwingstopro-
videa limitedcheckupontheprincipleofaerodynamicsuperposition.

ValuesofrolMngeffectivenesscalculatedforthefull-chordailer-
onsandthetwistedwingsbymeansof lineertheoryagreedwellwiththe
expertientaldata.

INTRODUCTION

A generalinvestigationofwing-controlrollinneffectivenessis
beingconductedby theLangleyPilotlessAircraftResearchDivisionuti-
lizingrocket-propelledtestvehiclesintreeflightattiansonicand
supersonicspeeds.Incontinuanceofthisprogram,thevariationof
rollingeffectivenesswithspanwiseaileronextentwasobtainedforfull-
chordaileronsandthesedatawerecorrelatedwithtieresultsofa

~
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previoussimilarinvestigationconcerningpartial-chordtrailhg-edge
ailerons(ref.1)to showsomeeffectsofaileronchord.

Theprincipleof aerodynamicsuperpositionisfrequentlyusedh
calculatingtheeffectsofaeroelasticityby assuningthatthechsra&er-
isticsofthetwistedwingcanbe obtainedby superposingtheresultsof
calculationsmadeforunitdeflectionofpartial-spansegments(see
appendix). A limitedcheckuponthisprinciplewasmadeby comparhg
theresultsofthefull-chordaileronwithdataobtainedfromflight
testmodelswhichemployedtwistedwings.~ addition,calculatedvalues
forallthetestcon2i&rations

A aspectratio,b2/S

arepresented.

SYMBOLS

b dismeterofcirclesweptbywingtips,ft

c wingchordmeasuredpsmilleltomodelcenterline,ft

Ca aileronchord,ft

Cr wingrootchord,ft

K2 = ml

K3 = (1 + f@Kl

k = cot- entofleading-edgesweepback
Cotangentoftrailing-edgesweepback

L rollhgmoment(positivewhen
as seenfromresr),ft-lb

n sectionnordalforce

M I&chnuriber

tendingtodepressrightwing,

T twistingcoupleappliedatwingtiph-a plane

m

perpendicular
tothew5ngchordplaneandparallelto-the&del center
line,in-lb

cotangentofleading-edge%eepback

.’
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rollingvelocity,radian8/sec

-c pressure,lb/sqft

Reynoldsnumberbasedonmeanexposedwingchord

areaoftwowingstakentofuselagecenterline,sqft

rollingeffectivenesspmmeter (wing-tiphelixangle),
radians

‘velocity,ft/sec

()
acz

rolling-momenteffectivenessfortwoailerons~

valueof

usedin

\d~/5+0

cl~ forfull-chord-aileronconfigurationwhen

superpositionequation

acz()damping-in-rollderivative—
bZp&+O
2V 2V

pressurecoefficient,
Pressuredifferencebetweenupperandlowersurfaces

q

valueof integralinregionn (seeeq.(A3))

pb
partialspan

~
/fullexposedspan
8a

localangleof incidenceoftwistedwing

~a averageailerondeflectionmeasuredina planeperpendicular
to chordplaneandparalleltomodelcenterline,average
ofthreewings,deg

~t averagetipangleof incidenceoftwistedwing,deg

~

.-. ..——-—— ~——”-
————



— ..— .—— ———..—

4 NACARM L54G13

A angleof sweepmeasuredat c/4,deg

A ratiooftipchordto extendedchordatmodelcenterline

E.>~ rectangularcoordinates,normd-i.zedwithrespecttowingroot
chordandwingsemisPmyresPective~

ni valueof q at tibosrdendofaileron

e twistofwingmeasuredina planeperpendiculartothewi.ng-
chordplaneandparalleltothemodelcenterline,radians

MODELSANDTECHNIQUE

Thegeneralarrangementincludiggsomesignificantphysicaldimen-
sionsofthetestvehiclesusedinthisinvestigationispresentedin
figures1 and2. Sometypicaldetailsofthetestmodelssreshownin
thephotographspresentedasfigure3. ‘Theouter.portionsofthewings
onmodels1 to4 wererotatedaboutthe40-percent-chordline(see
fig.3(c))..No attemptwasmadeto sealthegapthuscreated.Thespan-
wiselocationsoftheinbosrdendsofthefull-chordaileronsaregiven
intableI inconjunctionwithothersignificantinformation.Theaileron
deflectionsOf models1 to4 wereticreasedas thespanwiseextentwas
decreased(seetableI),thusmaintainingsufficientrollingeffective-
-nessto insuregoodexperimentalaccuracy.

Forreference,figure4 presentsa comparisonofthespanwisevsri-
ationofthetorsionalstiffnessparameter~ for~ oftietest~del~.

Models~,6,and7 employedtwistedwingswhereintheangleof inci-
dencewasproportionalto thecubeofthedistancefrmnthefuselageten-(
terline(a= 5tq3).Model5 wasconstructedwithk.>percent-thickwings
whichweremadeby scalingdowntheordinatesoftheNA(TA65AO06airfoil
section.

Theflighttestswere,madeattheLangleyPilotlessAircraftResearch
StationatWallopsIsland,Va. Thetestvehicleswerepropelledto super-
sonicspeedsby a two-stagerocket-propulsionsystem.Duringa periodof
approximately12 secondsofcoastingflightfollowingrocket-motorburn-
out,timehistoriesoftherollingvelociawereobtaimedwithspecial
radioequipment(spinsonde)andtheflight-pathvelocitywasobtainedby
useofCWDopplerradar.Thesedata,inconjunctionwithatmosphericdata
obtainedwithradiosondes,permittheevaluationofthecontrolrolling
effectivenessintermsoftheparameterpb/2V asa functionofMch
number.

I!riia
-. .~--- . -----..-—k: ----
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Figure5 presentstheaveragevariation
numberforthemodelsdiscussedinthis

l?rompreviousexperience
themsximumexperimental

5

ofReynoldsnmberwith
paper.

ACCURACY

andmathematicalanalysisit isestimated
erroriswithinthefollowinglimits:

Subsonic Supersonic

M . . . . . . . . . . . . . . . . . .

where b iseitherba or bt.

DATACORRECTIONS

Allofthedatahavebeenreduced
directcomparisonofthevsriouswingmodific~tions.No attemptwasmade
to correctfortheeffectsoftest-vehiclemomentof inertiaaboutthe
rollsxisonthemeasuredvariationof pb/2V withMachnwibersince
previousexperiencehasdemonstratedthattheeffectsarewitldnthe
accuracyofmeasurement.

Thedataarepresentedtwoways:

1.Uncorrectedfortheeffectsofaeroelasticity

2.Correctedto estimatedrigidwingvalues

Therigidwingestimatesweremadeby themethod@ven inreference2 by.
usingspanloaddistributionsobtainedfromreference3 andwind-tunnel
data.

IUXNJLTSANDDISCUSSION

Ailerons ,.

Figure6 presentsthevariationoftherollingeffectiveness

/
eter $Sa withMachnunberfor.ih~~

~ -qlO@g--chOrd

par&-
.

——.———. ~–– —.. - L.. ——.



—. — —

6 NACARM L54G13

ailerons.Thesedataarecomparedwithvaluescalculatedby lineartheory
asdescribedintheappendixandby striptheory.Theaweementbetween
correctedexperimentandlineartheoryisexcellentexceptforthesuper-
sonicvaluesformodel1. A contribtiingfactortothisdiscrepancymay
be theappro~tion oftheactual.three-wingmodelby a two-wingconfig-
urationforcalctitionpurposes,andanadditionalfactormaybe the
neglectoftheeffectofme bd.y(seeappendix);boththesefactorsare
relativelymorehportxuitformodei1 thanfortheothermodels.

Referencek presentsa simplifiedmethodforestimatingtherolling
effectivenessofall-movablewings(full-exposed-spanfull-chordailer-
ons).Thismethod(striptheory)wasappliedalsotopartial-spanailer-
onsandtheresultingesthatesarealsopresentedinfigure6. These
resultsshowthatstriptheoryunderestimatesthefull-exposed-spancase
(modell)slightlyandoverestimatestheextremeoutboard(modelk)
aileronsby a largerproportion.

Thedata offigure6 areexpressedasa ‘fractionoftheful.l-exposed-
spanrollingeffectivenessandarecross-plottedinfigure7 to showthe
spanwisevariationofrollingeffectivenesswithextentofaileronspan.
EnvelopecurvesenclosethetotalscatterexperiencedintheMachnumber
rangefrom0.6 ~MS1.4. Inaddition,comparisonwasmadeina similar
mannerwiththeresultsofa similarinvestigationconcerningpartial.-
chordtrailing-edgeailerons(ref.1). Forconsistencywiththepresent
results,newrigidwingcorrectionsweremadeforthepsrtial-chord
aileronsutilizingthemethodofreference2. Thespanwisevariations
thusobtainedexhibitedlittlevariationwithMachnumber.Forthisrea-
son,fairedaveragedcurveswereprepared.Thesecurvessrepresented
infigure8 andareapplicableoveralkchnumberrangeof 0.6 <M <1.4.
!lhiscorrelationwhichaveragestheeffectsofI@chnumbershowsthatthe.
0.3-chordaileronswererektivelylesseffectivenearthewingtipthan
eitherthefull-chordortheO.1~-chordailerons.

Twistedwings

Figuregpresentsa comparisonoftherollingeffectivenessresulting
fromcubicdistributionofwingtwistwithseveralmethodsof estimation.
A limitedcheckuponthevalidityoftheprincipleof superpositionwhen
appliedto experimentaldataispresentedinthecomparisonofthedata
formdels 5 and6 withthevalueestimatedfromthecrossplotoffig-
ure8. Thisestimatewasmadeina mannersimilartothatusedinthe

-.
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appendixforthesweptcubic-twistconfigurations.Inthisinstance,
therollingeffectivenessofthetwistedwingcanbe expressedasfollows:

.=~.[r: %, &
2V 6a

where

a= Et?p
then

p&) 1*=3 full-exposedspsn
bt 8a I

K’qi@dll~
o

Model.a5 and6agreedwellwhencorrectedfortheeffectsofaero-
elasticitythusindicatingthattheeffectsofwingthicknessaresmall
inthisthiclazessrangeasmightbe expected.Theexperimentalestimate
shouldbe equallygoodat speedslowerthsm M = 0.6 asMachnumber
effectsinthisrangesrenegligible.Goodagreementwasalsoobtained
fromthelinearandstriptheoryestimates.Littleeffectofwingsweep-
backisapparentastheresultsofthetestsoftheunsweptwing(model7)
areingoodagreementwiththeswept-wingresults.

CONCLUDINGREMARKS

t

A free-flightinvestigationemployingrocket-paweredtestvelxicles
wasmadeatMachnumbersrangingfrom0.5to 1.5todeterminethevari-
ationofrollingeffectivenesswithextentofaileronspanemploying
full-chordaileronsonawing ofaspectratio4.0,sweepbackk~”,taper
ratioof 0.6,andemployingNACA65.A(Mairfoilsections.Thesedatawer~
correlatedwiththeresultsofa similarinvestigationconcerningpartial-
chordailerons.Thiscorrelationshowsthatthespanwisevsriationof
aileroneffectivenessfora aileronofgivenchordexhibitedlittle
variationtithMachnumberovera rangeof0.6to 1.4,andalsoshows
that0.3-chordaileronswererelativelylesseffectivenearthewingtip
thaneitherfull-chordor 0.15-chordailerons.

.— . - — — ——----- — — —
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Additionaltestsusingmodels
mentwithestimatesbaseduponthe
a Mmitedcheckupontheprinciple

Agreementofthe-testresults
wasgood.

withtwistedwingsshowedgoodagree-
full-chordaileronteststhusproviding
ofaerodynamicsuperposition.

withestimatesusinglineartheory

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,June24,1954.
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Becauseofthevarietyoftheconfigurationstestedandthekh
numberrangecovered,itwasnecessarytouseseveralmethodsincalcu- “
lating&eoreticalvaluesof pb/2V.Forallcases,thefollowingrela-
tionwasused:

(Al)

me calculationswerecarriedoutas ifthemodelshadtwowingpmels
inoneplane,ratherthsmthreeequallyspacedpanels,andthepresence
ofthebodywasneglected.Fastexperiencewithmodelssimilartothe
presentoneshasshownthatthisprocedureisan acceptableoneforesti-
matesof pb/2V.Thevsrioussources(refs.3, 5 to 8)fromwhich
valuesof CZb and CZP wereobtainedarelistedintableII. Inmost
instances,therequiredquantitiescouldbe obtainedfromthereferences
citeddirectlyenoughtorequireno furtherexplanation.However,some
additionalworkwasrequiredh orderto estimatevaluesof C25 at
supersonicspeedsforthefull-chord-aileronandthesweptcubic-twist
configurations.Thisworkisdescribedinthefollowingsections.

Full-Chord-AileronConfigurations

Briefly,therollingmomentforthefull-chord-aileronconfigurations
wasfoundby determiningthepressureinthevsriousregionsoftietig
influencedby theaileron,integratingthispressureinthechordwise
directionto obtainthespanloaddistribution,andfinallyintegrating
thespanloaddistributionto arriveat therollingmoment.

Theaxissystemandrotationusedinthecalculationsis shownin
figure10. Thefull-chordaileron,representedby theshadedarea,is
atanangleof incidenceba;therestofthewingisat zeroangleof
incidence.Thepressureinregions1,2,3, and4 is givenbyequa-
tion(6.4)ofreference9. Inthenotationofthepresentpaper,the
pressurecoefficientisexpressedasfollows:

_——___ —. ——. —— — .
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(A2)

Thepressureinregion5 canbe showntobe zero.Thereforethespsn
loaddistributionisfoundby integratingequation(A2)withrespectto
~ overeachoftheregions1,2,3, and4, us~g thel~ts appropriate
to eachregion.~us, if n isthesectionnom force>th~ theSP~
loadisgivenby thefollowingequation:

wheretheupp~.eandlowerlimitsarethoseappropriatetotheparticular
regionas showninfigure10,and In’istheresultoftheintegration,
thesubscriptn correspondingtothenumberoftheparticularregion.
Theexpressionsfor ‘I”n‘areasfollows:

[
Il=K3@-l li)(l-ll )+(11-

r]
I@ Sinh-1 ~

Y12 = [1- KI(l- k)q+ K3(v- qi)l[l- KI(l- k)q]+

v1- K3(1~ k)q
K3fTI- .@ Sinh-1

K3(q - TI)

~[13 = 1 - KI(l- k)q- K3(qi- ~)][1- Kl(l- k)q]-

K3(TII- q) cosh
i

_l l-Kl(l-k)q
K3(qi-q)

14 =~[1 - Kl(l+ k)q- K3(vi- TU [1- KI(l+ k)?]-

Thecalculations
ofanadditional

i

1-
K3(TII-

KI(l+ k)~q) cosh-l-
K3(qi- V)

for Ti = 0.918 (model4) requiredtheconsideration
typeofregion,as shownb figureU (compare~th

.

.

._
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figure10). Thepressureis zeroinregions7 and8, andtheregions1
and3 arethesameasthoseinfigure10. Region6,however,hasnor
counterpartinfigure10;thevalueof 16 isasfollows:

8%Plotsofthequantity;ZIn srepresentedinfigure12fora value
. J

of @m = 0.765,forthevaluesof vi correspondingtothemodelstested.

Afterthespanloadhasbeenobtainedas justdescribed,anaddi-
tionalintegrationwithrespectto ~ givesthevaluefor Clb. The
finalresulthasthefollowingfo~:

(A6)

Theinte~ationwasdonegraphically,usingthevaluesshowninfigureK?.
Thespanloadfor qi = 0.139 isnotcorrectforvaluesof q less
than-0.78becausetheeffectoftheleftwingtipwasneglected;the
errorincurredcanbe showntobe lessthan2 percentinthefinal
%8 value.

.
SweptCubic-TwistConfigurations

Forthesweptcubic-twistconfigurations(models5 and6) thevalue
oftherollingmomentwascalculatedby superpositionofthepreceding
resultsforthefull-chord-aileronconfigurations.If a istheangle
ofincidenceatsmyspanwisestationand (Czb)f tiecorrespondtigvalue
of CZ5 forthefull-chord-aileronconfiguration,thenforan srbitrary
distributionofamgleof incidencethefollowingequationapplies:

Fortheparticularcaseofthecubic-twistwing,

a, = 5@’

(A7)

(A8)

- .— —-— –—. -— —— . ..—- ————.
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where bt isthetipangleofticidence,sothatforthis

Theintegrationwasperformedgraphicallyto srriveat“the
valuesof Czb forthesweptcubic-twistconfiguration.

case

(A9)

numerical

—-.———
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TABLEI.-

..

DESCRIPTIONOF TESTMODELS

fU..Sek2ge

X47.\

NAC.ARM L54G13

.

L

c/4, 8W bt,
Model

NACAairfoil
deg “~i deg deg section

1 45 0.139 1.41 ‘ ---- 65A006
45 .487 1.63 ---- 65A006

; 45 .705 65Ao06
4 45 .918 ::9 :::: 65A006
5 45 .139 ---- 5.17 65(06)AO@-5
6 45 .139 ---- 4.82 65A006
7 0 . .139 ---- 4.71 65A006

..—-——. —. —
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TABLEII.- REFERENCBSFOR !CEKIRETICM IwrIMmEs

Q_peof wing
I I Subsonic I Supersonic I

Full-chord aileron I 1,2, 3, 4 I Reference 3

I

Present IReference 7
paper I

Cubic twist (swept) I 5, 6 I Reference 3

I

Present IReference 7
paper I

Cubic twist (unswept) 7 Reference3
I

References 5 and 6 Reference 8

1
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(b)’ Mdel 7.
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.

.

Figure1.-Generalarrangementofflighttestvehicles.Alldimensions
areininches.
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Figure2.- Wingplan-form
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450. (b) Model 7. A = OO.

geometryof test vehicles. W dimensions are
in inche~.
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~~e 3.- FhcfGOgaphs of test vticles.
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(b) Rearquarterview.Mcxlel3. L-76461.1

Figure3.- Continued.
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(c) Jletiilshowlug rotated wing sefgwt. Mcdel k.

Figure3.- Concluded.
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Figure4.-Variationofthetorsionalstiffnessparameter
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Figure9.-Variationoftest
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M

ReynoldsnumberwithMachnuniber.Reynolds
meanexposedchad (0.72foot).
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.03

p5/2v

.02

.01

0 .
M

Figure6.- Rolling effectiveness dueto
emosed-spanfull-chord ailerons. L
foil section.

unitailerondeflectionoffull-
= 450;A = 0.6; NACA65Ao06air-

——..———— - ——— ..—



24

*8

.G

.4

Lo

,8

.6

% j

.2 .4

0 .f?

o

0

—- .—— —-

NACARML54G13

.

.

0 .2 J-7

Figure7.-Fractionoffull-exposed-spanrollingeffectivenessretained
‘ by outboardpsrtial-spanailerons.Envelopecmvesenclosetotal

scatterexperiencedintheMachnuniberrange0.6~ MS 1.4. NACA
65AO06airfoil section; A= 45°; h . 0.6; =orrected to rigid wing
values.
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Figure8.- Variation of rolling effectiveness with
spanfor ailerons extendingto the wing tip. A
NACA65AO06airfoil section; corrected to rigid
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extentofaileron
=h5°; A= 0.6;
wingvalues.
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.012

, 0U8

pb/2v
d-~
,004

0

. .

(a)Flexible.

.0/’2

.008

.004

0
.6

Calculated A
0 Lht2r hwq, 450
•1L/%&wZ%wy, 00
0 J7%!L7T%vry,0°ad450
A Esffm%d, 45”

(fm #jwe 8)
A

M

(b)Correctedtorigid.

Figure9.-Comparisonofroldingeffectivenessresultingfromcubic
distributionofwingtwistwithseveralmethodsofestimation.
A= O°and 450;A= 0.6. .
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Figure 10.- Axis system snd notation used in the calculatlone.
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FigureM.- Spanhad distribution for mcdels tested. pm . 0.765.


